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Objective: Patients with infrainguinal occlusive disease may experience spontaneous symptomatic improvement. This is
generally thought to be from augmented collateral circulation. This study reports another mechanism.
Methods: Over a 20-year period, 4123 paients underwent lower extremity arteriography for limb ischemia. For a variety
of reasons, 451 patients had repeat arteriography.
Results: Five patients were identified as having conclusive arteriographic evidence of spontaneous recanalization of
occluded arterial segments without having undergone any surgical or thrombolytic interventions. Repeat contrast
arteriography was performed on these patients for failing grafts (n 2) or contralateral lower extremity ischemia (n 3).
Three other patients had magnetic resonance arteriographic or duplex arteriographic evidence of spontaneous arterial
recanalization. Spontaneous recanalizaton occurred in ileofemoral (n 2), superficial femoral (n 2), popliteal (n 3),
and peroneal (n 1) arterial segments. The average time interval of occlusion to recanalization was 21 weeks (2 weeks to
2 years). Two of the eight patients had failed revascularization procedures before spontaneous recanalization. All eight
patients had restoration of pulses distal to the recanalized segments and significant symptomatic improvement as defined
with the Society for Vascular Surgery/American Association for Vascular Surgery categories for limb ischemia.
Conclusion: Spontaneous recanalization of arterial segments can occur and must be considered when evaluating other
proposed treatments of critical limb ischemia, including cilostazol, lytic agents, and angiogenic agents, such as vascular
endothelial growth factor. Although its true incidence is unknown, this represents another mechanism for spontaneous
symptomatic improvement without treatment in patients with severe limb ischemia. (J Vasc Surg 2002;36:1161-6.)
Spontaneous recanalization of occluded systemic arter-
ies is a rarely documented phenomenon.1-7 In some pa-
tients with atherosclerotic disease of the infrainguinal arter-
ies, the onset of ischemic rest pain or skin necrosis may be
from plaque disruption with resultant thrombosis of the
superficial femoral, popliteal, or tibial arteries.8-14 A limited
number of these patients have spontaneous improvement
and thus may not need operative treatment.1,2 This im-
provement has generally been attributed solely to a resolu-
tion of infection or an increase in collateral circulation.8 We
report another potential mechanism for spontaneous symp-
tomatic improvement in eight patients with symptomatic
occluded arterial segments, namely spontaneous recanali-
zation. This unusual phenomenon must be considered
when evaluating other proposed treatments of critical limb
ischemia, including new drug therapies, such as cilostazol,
prostacyclin and lytic agents, and angiogenic agents, such
as vascular endothelial growth factor. Our observations
lend support for the need of randomized, placebo-con-
trolled trials with all of these new treatments.
METHODS
With a computer database, a retrospective review of
4123 patients who underwent lower extremity arteriogra-
phy at Montefiore Medical Center between July 1977 and
November 2000 was conducted. Four hundred fifty-one
patients (11%) had two or more repeat lower extremity
angiograms for a variety of reasons, including progression
of ischemic symptoms, failing grafts, or contralateral isch-
emia. Five of these 451 patients had recanalization of
occluded arterial segments on repeat contrast arteriogra-
phy.
RESULTS
Five of these 451 patients (1.1%) had documented
contrast arteriographic evidence of spontaneous recanaliza-
tion of occluded arterial segments without any surgical or
thrombolytic interventions. Repeat contrast arteriography
was performed at the specified time for these five patients
for failing grafts (n  2) or contralateral ischemia (n  3).
Three other patients had magnetic resonance arterio-
graphic or duplex arteriographic evidence of spontaneous
arterial recanalization. Thus, a total of eight patients (1.8%)
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had documented evidence of spontaneous arterial recanali-
zation.
Spontaneous recanalizaton occurred in ileofemoral
(n  2), superficial femoral (n  2), popliteal (n  3), and
peroneal (n 1) arteries (Figs 1 and 2). The eight patients
(four male, four female) had an average age of 75 years
(range, 59 to 86 years). Most of these patients had signifi-
cant medical comorbidities, including hypertension (n 
6), chronic renal insufficiency (n  3), end-stage renal
disease (n  2), smoking (n  8), previous myocardial
infarction (n 4), non–insulin dependent diabetes mellitus
(n  3), insulin-dependent diabetes (n  3), and chronic
obstructive pulmonary disease (n  1). The average time
interval from documented occlusion to documented recan-
alization was 21 weeks (range, 2 weeks to 2 years; Table).
Average length of follow-up after recanalization for the
eight patients was 2.5 years (range, 1 to 5 years). Six of the
eight patients had improvement in their symptoms within 1
month. The other two patients improved over the course of
3 to 6 months. Ankle-brachial indices were performed in
four of the eight patients and showed an average improve-
ment of 0.35 (range, 0.25 to 0.60). Only two of the eight
patients are still alive and being followed with persistently
patent recanalized arterial segments (average follow-up, 2
years). They remain asymptomatic on either aspirin or
clopidogrel therapy.
Six of the eight patients had refused surgical or endo-
vascular intervention. One of these patients was treated
with intravenous dextran. The other five patients were
treated conservatively without a formal walkng protocol or
cilostazol. Most of the patients were on aspirin or clopi-
dogrel therapy. None of the patients received intravenous
heparin or thrombolytics. The remaining two patients had
failed revascularization procedures before spontaneous re-
canalization. One patient had undergone femorofemoral
bypass for an external iliac artery occlusion. The other had
had a femoral-posterior tibial artery bypass for a popliteal
artery occlusion. All eight patients had restoration of pulses
distal to the recanalized segments and significant symptom-
atic improvement as defined by the Society for Vascular
Surgery/American Association for Vascular Surgery cate-
gories for limb ischemia.9 They all had recanalization
greater than 50% diameter of the occluded arterial segment
as documented with contrast, duplex, or magnetic reso-
nance arteriography. There was no arteriographic docu-
mentation showing the degree of stenosis before arterial
occlusion. Three patients with clinical and arteriographic
criteria of embolic occlusions had less than 20% diameter
Details of patients with spontaneous arterial recanalization
Age
(y)
Recanalized
arterial
segment
Proof of
recanalization
Pulse
returned Interval*
Levels of
symptomatic
improvement† Presentation Treatment Result
Reason for
no
intervention
86 Popliteal Contrast
arteriogram
Popliteal 6 mo 3 Rest pain None Asymptomatic Patient refused
surgery
84 Popliteal Contrast
arteriogram
Popliteal 2 wks 3 Rest pain
with
necrosis
None Asymptomatic Patient refused
surgery
59 Popliteal Contrast
arteriogram
Popliteal 2 wks 1 Rest pain
with
necrosis
Intravenous
dextran
Asymptomatic Patient refused
surgery
89 Ileofemoral Contrast
arteriogram
Femoral 1 mo 2 Rest pain
with
necrosis
None Viable foot Vascular
surgery not
consulted
69 Superficial
femoral
Contrast
arteriogram
Popliteal 3 wks 2 Rest pain
with
necrosis
Femoro-to-
posterior
tibial
artery
bypass
(occluded)
Healed TMA Occluded
bypass;
patient
refused
further
surgery
68 Superficial
femoral
MRA and
duplex
arteriogram
Dorsalis
pedis
2 y 3 Rest pain None 2-block
claudication
Patient refused
surgery
66 Peroneal Duplex
arteriogram
Posterior
tibial
1 mo 1 Rest pain None 2-block
claudication
Patient refused
surgery
78 Ileofemoral Duplex
arteriogram
Femoral 6 mo 1 Rest pain
with
necrosis
Femoro-
femoral
bypass
(occluded)
Viable foot Occluded
bypass;
patient
refused
further
surgery
*Interval between arteriograms showing occlusion and recanalization.
†Society for Vascular Surgery/American Association for Vascular Surgery. categories for limb ischemia.
MRA, Magnetic resonance angiography; TMA, transmetatarsal amputation.
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underlying stenosis. The other five patients with probable
thrombotic occlusions had an average underlying 60% ste-
nosis (range, 50% to 85%). The patient with recanalization
of a peroneal artery segment had large collaterals feeding
the posterior tibial artery resulting in a pedal pulse. Further
details of the eight patients are presented in the Table.
DISCUSSION
Spontaneous recanalization is a rare cause of improve-
ment in patients with lower extremity atherosclerotic dis-
ease.1,2 The incidence rate of documented spontaneous
thrombolysis in this population is difficult to determine
because patients with claudication are often treated nonop-
eratively and not evaluated angiographically. In addition,
patients with rest pain or gangrene rarely undergo repeat
angiographic evaluation. In patients with ischemic rest pain
or gangrene who for some reason have repeat angiography,
the occurrence of this unusual phenomenon may be docu-
mented. We describe a small group of patients seen primar-
ily with ischemic rest pain whose symptoms improved and
who were found on subsequent angiography to have spon-
taneous recanalization of previously occluded arterial seg-
ments. All of these patients had several significant medical
comorbidities and category III or IV lower limb ischemia.9
Only two patients (25%) had consented to limb-salvage
surgery, which included a femorofemoral and femoral-
posterior tibial artery bypass. The remaining six patients
(75%) refused any type of endovascular or surgical interven-
tion and were managed conservatively. These eight patients
had repeat contrast, duplex, or magnetic resonance arte-
riography despite improvement for either a failing graft or
contralateral ischemia.
Our observations suggest that spontaneous recanaliza-
tion occurs infrequently with an incidence rate of 1% to 2%.
There are instances of spontaneous recanalization where
clinical improvement or return of pulses does not occur.
Several cases of spontaneously recanalized hypogastric and
peroneal arterial segments in which there is no clinical
evidence of patient improvement have been observed (un-
published results). We believe that recent improvements in
imaging modalities, such as duplex and magnetic resonance
arteriography, may uncover other cases of spontaneous
recanalization and increase its incidence rate.
There are several proposed mechanisms for the pro-
gression of atherosclerotic disease with worsening symp-
toms, including: 1, luminal thrombosis in the region of
stenotic plaques; 2, hemorrhage into plaques with a sudden
increase in stenosis; 3, distal propagation of thrombus; and
4, embolization to distal vessels.8-14 There are also several
proposed mechanisms for spontaneous symptomatic im-
provement in lower limb ischemic manifestations that oc-
curs in many patients, including: 1, increased collateral
circulation; 2, adaptation of muscles to relative ischemia;
and 3, spontaneous lysis of thrombus in arterial segments
leading to spontaneous recanalization of these arter-
ies.8,10-14 Because repetitive contrast arteriography is rarely
performed in patients with lower extremity arterial occlu-
sive disease who have spontaneous symptomatic improve-
ment, the influence of each of these three mechanisms has
not been extensively elucidated or documented.
However, several case reports describe the spontaneous
resolution of emboli or recanalization of occluded systemic
arteries throughout the body or coronary arteries in the
absence of any surgical or endovascular intervention.1-7 In
all these cases, the natural resolution of emboli and recan-
alization of occluded arteries were observed arteriographi-
cally. Zollikofer et al5 reported four cases of spontaneous
recanalization of occluded coronary arteries, and spontane-
ous lysis of renal and popliteal artery occlusions has also
been reported.1-7 The occlusive mechanisms were pre-
sumed to be emboli or atherosclerotic plaque with throm-
bus. Spontaneous recanalization of a traumatic popliteal
artery occlusion after posterior knee dislocation has also
been described.6
The spontaneous recanalization of a renal artery occlu-
sion occurred in a 56-year-old man in whom anuric renal
failure developed.7 After a 3-month period of conservative
management with intravenous heparin and long-term war-
farin sodium therapy, kidney function returned and arte-
riography showed a recanalized renal artery occlusion. Fur-
ther follow-up regarding patency of this renal artery
recanalization was not available.
Although spontaneous resolution of atherosclerotic oc-
clusions can occur, it is probably an uncommon event.
Accordingly, it does not justify any changes in the manage-
ment of patients with limb-threatening lower extremity
occlusive disease. Endovascular or surgical intervention
should not usually be withheld in patients with limb-
threatening lower extremity occlusive disease, even if they
have significant comorbidities.13,14 Rather, our cases rep-
resent an interesting phenomenon that provides an expla-
nation for the marked symptomatic improvement that oc-
curs in some patients with atherosclerotic ischemia. It may
also explain why some patients with established gangrene
will improve with conservative therapy, although control of
infection may be another mechanism for this apparent
spontaneous improvement. Whatever the mechanism is for
spontaneous improvement, it is important that this possi-
bility be recognized when evaluating other treatments for
lower limb ischemia, including new drug therapies, such as
cilostazol, prostacyclin and lytic agents, and angiogenic
agents, such as vascular endothelial growth factor or other
angiogenic growth factors. The possibility that spontane-
ous improvement can occur in an ischemic setting man-
dates the need for randomized, prospective trials of new
treatments with placebo controls.
The mechanism underlying spontaneous recanalization
remains unknown, although fibrinolysis probably plays
some role. Stimulation of the fibrinolytic pathway via the
conversion of plasminogen to plasmin is mediated by acti-
vators found in blood vessels and other body tissues and in
small quantities in the circulating blood.15 Exogenous fi-
brinolytic therapy is based on creating a generalized or local
thrombolytic state in the patient by administering plasmin-
ogen activators, such as urokinase or tissue plasminogen
activator, in high doses, often intraarterially. Spontaneous
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clot lysis is thought to be the result of local or secondary
fibrinolysis. Tissue damage, anoxia, and other factors asso-
ciated with vascular occlusion result in release of extrinsic
factors from blood vessel walls and surrounding tissue.
These split plasminogen to form plasmin, which in turn is
active in clot lysis.
We suspect that this intrinsic fibrinolytic pathway occa-
sionally results in spontaneous recanalization of occluded
arteries, even in the setting of severe atherosclerotic disease.
It is difficult in the presence of chronic arteriosclerotic
disease to differentiate embolization from in situ thrombo-
sis. The clinical and angiographic observations of our pa-
tients suggest that three of the patients had emboli and five
patients had thrombosis of a preexisting lesion. We hypoth-
esize that the rapid progression of atherosclerosis stimulates
the fibrinolytic pathway in certain patients, particularly
those in whom ischemic rest pain or gangrene develops.
Because the processes of plaque deposition or thromboc-
clusion are so accelerated, the fibrinolytic pathway compen-
sates by synthesizing higher concentrations of plasmin.
Therefore, arterial segments that occlude and result in rest
pain or gangrene are expediently “rescued” and recanalized
by the stimulated intrinsic fibrinolytic cascade. Although
plasminogen activator inhibitor levels may be stimulated in
patients with diabetes and renal failure, perhaps levels of
prothrombin-activatable fibrinolysis inhibitor and its acti-
vation to thrombin-activatable fibrinolysis inhibitor may be
inhibited in the liver, thus stimulating firbrinolysis.16 This
may be one of the explanations for the spontaneous recan-
alization of arterial segments observed in the eight patients
described in this report.
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DISCUSSION
Dr Robert W. Hobson II (Newark, NJ). Dr Ascher, Dr
Darling, ladies, and gentlemen. I wish to congratulate Dr Gargiulo
and the Montefiore group for documenting cases of spontaneous
arterial recanalization in limb ischemia. Although as presented in
their well-written manuscript, spontaneous recanalization is in fact
a rare event occurring in a total of eight instances out of 451
patients undergoing repeat angiography, for a calculated incidence
of 1.7%, that occurring in a cohort of over 4000 patients undergo-
ing initial contrast studies.
I agree that the process of spontaneous lysis in the arterial
circulation may be even more common than reported by these
investigators, and I would suggest that the timing of angiographic
injection of contrast had little to play with the documentation of
these cases as so beautifully illustrated in the slides and the figures
that accompanied the manuscript.
I wonder, though, if the authors wish to suggest seriously that
the current study has underestimated the incidence of spontaneous
recanalization and if Dr Gargiulo could please speculate on its true
incidence for us based on his review of the angiographic series.
I would also agree with his conclusion that spontaneous
recanalization should be included as a consideration in randomized
clinical trials dealing with innovative new therapies for limb isch-
emia. Careful angiographic analysis of control groups in these trials
may further characterize the process of spontaneous recanalization.
One question that emanates from that, of course, recognizing
the risks of contrast arteriography is, do the authors believe that
this mandates the use of angiography in these trials or could this be
accomplished by very carefully performed duplex ultrasonography?
In conclusion, I wish to express my appreciation to you and
your colleagues for sharing these data with us and to the program
committee for the opportunity of reviewing this fine work.
Dr Nicholas J. Gargiulo III. In response to the first ques-
tion, in terms of the incidence of this unusual phenomenon, I think
for sure that it is infrequent, but I do believe that with MR
angiography that we may be able to document more cases of this
and it may be 2%, 2.5%, instead of 1%.
In terms of clinical trials evaluating new treatments, most of
the patients in this study that had recanalization had the recanali-
zation sites in arteries that could be detected by duplex, superficial
femoral, popliteal. There is one patient that had a tibial vessel. Our
group found that duplex is very accurate for those vessels above the
tibial region.
I think that with the trials that we probably suggest use
noninvasive methods and not subject the patients to contrast
arteriography.
Dr Enrico Ascher (Brooklyn, NY). Do you think that most
of these cases were acute occlusions superimposed on chronic
disease and that embolus basically dissolved, or do you believe that
there is recanalization on actual chronic disease?
Dr Gargiulo. There are some papers that described the his-
tology of emboli. And there are different types of emboli, some are
dissolved fairly readily and others take longer to dissolve. We
believe that these emboli are acute and that is why we are seeing
this process. It is hard to support that this is a chronic occlusion or
a plaque that is diffuse throughout the vessel that suddenly recana-
lized, but we think this is an acute occlusion, either in situ throm-
bosis or embolus, and the fibrinolytic cascade activates immedi-
ately and is able to dissolve that clot.
Dr Ascher. Can you speculate on—I know this is far
fetched—but can you speculate on the rate of resolution of these
clots between the cases that had complete occlusion versus the
ones that have flow going around the walls of these clots? Because
some of your angiograms appeared they were not completely
occlusive and maybe those would be more prone to rapid resolu-
tion
Dr Gargiulo. Right. The series was small, and it was hard to
correlate the data. We tried to look at the type of lesion and the
length of time that it took. On average, we had 21 weeks, but some
patients it took almost 2 years. The ones I showed today, three of
the patients had 2 weeks and another patient had 6 months to the
time of recanalization. But I could not find any reason why, for the
time interval that it took, correlating that with the lesion, just
because the sample size is small.
Dr Mark A. Adelman (New York, NY). In your chart review,
were you able to get any information about the use of either
anticoagulants or antiplatelet agents in use in the patients that did
recanalize? Was there any evidence that these agents that may have
tipped the scales in favor of spontaneous recanalization?
Dr Gargiulo. For some reason the patients did not receive,
we were surprised, because when we looked at the charts, the
patients did not get anticoagulation. A lot of the patients were
actually on the medical service, and then we were consulted later
on. We could not really explain that.
For one reason or another, they may not have gotten antico-
agulation because they had a GI bleed or there was a question
about a stroke. As you saw, some of the patients were fairly old,
they were in their 80s, so they had other medical comorbidities that
precluded the use of the anticoagulation. That is the only thing we
could think about when we looked at the charts.
Dr Daniel Walsh (Lebanon, NH). In light of the fact of the
rate of clot lysis of venous thrombosis, could you explain why clot
lysis occurs at a much lower rate in the arterial circuit?
Dr Gargiulo. The integrity of the venous versus arterial
system is different. The veins are more compliant, there is less
smooth muscle, and I think that the types of molecular processes
that they place in the artery, including the smooth muscle cell
migration and the thrombosis, are much stronger than in the
venous system, which is a compliant vessel. So, I think that the
process in an artery takes longer to reverse than in the vein. But I do
not have any scientific evidence for that.
Dr Ascher. Have you noticed this process in other segments
of the arterial system? Because we have seen a patient with a huge
thoracic aorta, which appears to be a clot, and we were all set to do
the operation when the patient refused. And an MR done 2 or 3
weeks after, I do not recall exactly, shows complete resolution of
this blood clot. We are ready to do this big operation to remove
this clot and then it just went away and he did not embolize.
Dr Gargiulo. There are other case reports of patients that
had carotid artery occlusions. The ones I showed you, the renal
artery and coronary artery, are really the most common ones.
Those are the only other cases that we saw of spontaneous recan-
alization.
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Dr Hobson. A few of your comments stimulated one addi-
tional thought. I can well remember a patient that had intraarterial
thrombus in a carotid lesion that we were considering for arterial
stenting, and that is generally considered to be a contraindication,
so that we decided to treat this patient with prolonged hepa-
rinization and then converted him to Coumadin and angio-
grammed him 2 weeks later—very much like your thoracic aorta
case—the thrombus had resolved and we went ahead and inter-
vened.
Have you observed any cases like this—and I think it is related
to Mark Adelman’s question—could the use of an anticoagulant or
another combination of anticoagulant and antiplatelet agents play
a role to try and take advantage of this observed phenomenon and
see whether or not you could push up its incidence?
Dr Gargiulo. We did have one case of a carotid artery, not a
thrombosis, but it was an embolus, which we actually lysed with
t-PA. In terms of spontaneous recanalization, we do not count
that, because these cases presumably did not have anticoagulation.
There are several case reports, ones from Blebea, when he was
in Cincinnati, about superficial femoral and iliac recanalization.
Those patients did get heparin, but it was hard to come up with
how fast the recanalization occurred in comparison to patients that
did not have the anticoagulation. But I think the lytic agents might
speed up the process, but I cannot say for sure.
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